Abstract -Genetic variation due to heavy metal contamination has always been an interesting topic of study. Because of the numerous contaminants being found in coastal and intertidal waters, there is always much discussion and argument as to which contaminant(s) caused the variations in the genetic structures of biomonitors. This study used a Single Primer Amplification Reaction (SPAR) technique, namely Random Amplified Polymorphic DNA (RAPD), to determine the genetic diversity of the populations of the green-lipped mussel Perna viridis collected from a metal-contaminated site at Kg. Pasir Puteh and those from four relatively uncontaminated sites (reference sites). Heavy metal levels (Cd, Cu, Pb, and Zn) were also measured in the soft tissues and byssus of the mussels from all the sites. Cluster analyses employing UPGMA based on the RAPD markers grouped the populations into two major clusters; the Bagan Tiang, Pantai Lido, Pontian, and Kg. Pasir Puteh populations were in one cluster, while the Sg. Belungkor population clustered by itself. This indicated that the genetic diversity based on bands resulting from the use of all four RAPD primers on P. viridis did not indicate its potential use as a biomarker of heavy metal pollution in coastal waters. However, based on a correlation analysis between a particular metal and a band resulting from a specific RAPD primer revealed some significant ( P < 0.01) correlations between the primers and the heavy metal concentrations in the byssus and soft tissues. Thus, the correlation between a particular metal and the bands resulting from the use of a specific RAPD primer on P. viridis could be used as biomonitoring tool of heavy metal pollution.
INTRODUCTION
The use of genetic biomarkers of environmental pollution has become a topic of interest in the literature recently. Many studies suggest that genetic polymorphisms are linked to adaptation to specific environmental parameters [1] [2] [3] . In particular, the impacts of pollutants on the genetic structures of marine organisms have now been demonstrated by several studies [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . These studies demonstrated the presence of genetic variation for tolerance to heavy metal stresses. Recently, Yap et al. [13] reported the possibility of allozyme polymorphisms of the biomonitor Perna viridis due to metal stress although their study needs further validation. In this study we collected a contaminated population in addition to relatively uncontaminated populations of the green-lipped mussel P. viridis from Malaysia.
There is a growing interest among ecotoxicologists of the extent to which contaminant exposure can change genetic variations in populations [4, 14, 15] .
The changes in the genetic structures often result in changes of genetic diversity. This may occur by selection for toxicant resistance, selection in traits not related to toxicant resistance, or founder effects resulting from re-establishment of extinct populations [16] . A reduction in the genetic diversity of exposed populations can result in significant long term biological consequences as populations with reduced genetic diversity may be less efficient at utilizing resources and may be at a greater risk of extinction in fluctuating environments [16, 17] . The numbers of studies that have assessed the genetic diversity of populations as a biomarker are still limited and a greater understanding is required to determine whether genetic diversity can be used routinely as a reliable biomarker of toxicant pollution.
This study compared the genetic diversity of the green-lipped mussel Perna viridis collected from a reported contaminated site with those of reference populations, using Random Amplified Polymorphic DNA (RAPD). RAPD analysis is a molecular technique for assaying population genetic variation that has recently been used successfully for ecotoxicological applications [16, 17] . The studies by Krane et al. [17] and Na-dig et al. [16] used RAPD to assess the genetic diversity in aquatic animal populations exposed to anthropogenic contaminants. Both studies identified the RAPD technique to be a valuable alternative to more standard assessments of contaminant impacts. In addition, both studies found that when compared with other molecular techniques, assessing genetic diversity of a population by using RAPD is advantageous in terms of cost, time, required background knowledge, and expertise.
The population genetics of P. viridis from Malaysia has recently been reported [18] based on the electrophoretic allozyme variations in mussel populations collected along the west coast of Peninsular Malaysia. However, this approach is sometimes limited by low variability in closely related populations and a more detailed determination of the genetic population structure often needs the use of hypervariable DNA level molecular markers [12] although their neutrality is still doubtful [19] . Multilocus approaches, such as RAPD, Random Amplified Microsatellites (RAMS) and AFLP are technically convenient but imprecise and have many technical and analytical drawbacks, such as dominance inheritance resulting in the DNA fragments being scored only as present or absent, in contrast to codominant inheritance where each of the two alleles at a locus in an individual can be identified and thus analyzed more precisely [20] . As a consequence of the simultaneous visualization of many dominant markers, multilocus data typically are analyzed as pairwise comparisons of complex patterns that can only have meaning relative to others in the same study. Thus, multilocus data are of limited comparability among studies.
A long-term history of exposure to metal stress and the existence of geographically distant, non-exposed populations suggested that mussels are ideal for use in assessing the utility of genetic diversity measurement as a biomarker of pollution effects in the west coast of Peninsular Malaysia. The objective of this study is to compare the dendrogram based on RAPD markers and the dendrogram based on heavy metal concentrations (Cd, Cu, Pb, and Zn) of the five sampling sites and to correlate the primers of RAPD markers with heavy metal concentrations in the byssus and soft tissues of P. viridis .
MATERIALS AND METHODS
Sampling and sample preparation. The sampling locations are shown in Fig. 1 . Mussels were collected from five sites, one contaminated with heavy metals (Kg. Pasir Puteh), and four reference sites. The four reference sites were Bagan Tiang, Pontian, Pantai Lido and Sg. Belungkor. The shell lengths and description for each sampling site are given in Table 1 . The metalcontaminated site at Kg. Pasir Puteh was previously reported to have high levels of metals [18, 21, 22] . All samples were collected in 2001 through 2002. These samples were brought back to the laboratory for metal and DNA analyses. For DNA studies, the samples were kept on ice for transportation and stored in a -80°C freezer until used. Identification of the mussels collected in the field was based on morphological characteristics [23] .
Metal analyses . The mussel tissue samples were digested in concentrated nitric acid (BDH, 69%) [24, 25] . They were put in a hot-block digester first at low tem- perature (40°C) for 1 hour and then they were fully digested at 140°C for at least 3 h [24, 25] . The prepared samples were analyzed for Cd, Cu, Pb, and Zn by using a Perkin-Elmer atomic absorption spectrophotometer (AAS) Model 4100. The percentages of recoveries for the heavy metal analyses were 95% for cadmium, 105% for lead, 98% for copper, and 90% for zinc.
Genomic DNA isolation . DNA was isolated from the adductor muscle of the mussel using the modified CTAB protocol of Winnepenninckx et al. [26] .
RAPD procedures . Decamer oligonucleotides obtained from Operon Tecnologies, United States (Kits B and C) were used as single primers for each PCR. Initially, five DNA samples (one from each sampling site) were used to perform a preliminary screening of the primers to identify those which gave reproducible markers and clear banding profiles. Four primers (OPB07, OPB10, OPC09, and OPC13) were selected. The PCR reactions were performed in a T3 Thermocycler (Biometra) with the 10 µ l total reaction mixture volume consisting of 20 ng of genomic DNA, 1 × PCR buffer (Promega), 250 µ M of each dNTPs (Promega), 0.5 µ M of primer, 1.5 units of Taq polymerase (Promega), 2.0 mM of MgCl 2 and deionised distilled water was used to top up to 10 µ l. A drop of mineral oil was added to overlay the PCR mixture. Amplification was performed with the following profile: 3 min at 95°C for predenaturation, followed by 40 cycles at 95°C for denaturation for 15 s, 36°C for annealing for 15 s and 30 s at 72°C for extension. The completion of the partial amplifications was achieved by the last cycle at 72°C for 5 min. The amplification products were then analyzed by electrophoresis in 2.0% agarose gel (Promega) run at 80 V for one hour in 1 × TBE buffer and stained with ethidium bromide. A 100 bp marker (Promega) was placed at one end of the gel for the estimation of fragment sizes. The gel was then photographed and documented using the AlphaImager 2200 (Alpha Innotech) system.
Data scoring and statistical analysis . Only intensely stained, reproducible and polymorphic bands were scored as being present (1) or absent (0) for further analysis. The data obtained were used to compile pairwise distance matrices based on the coefficients of Nei and Li [27] using the RAPDistance version 1.04 software [28] .
The genetic distance coefficients were used to construct a dendrogram by the unweighted pair group method with arithmetic averaging (UPGMA) employing the NTSYS-pc (Numerical Taxonomy and Multivariate Analysis System) software version 1.60 [29] . The dendrograms based on heavy metal concentrations in the soft tissues of byssus of P. viridis was generated by using single-linkage between groups method of Euclidean Distance (SLBGMED) as a similarity measure [13] .
RESULTS
The CTAB-based method was successfully used to extract high molecular weight and high purity mussel DNA. Two sets of decamer kits from Operon, United States (Kits B and C) were screened to select primers that gave reproducible, polymorphic and scorable banding profiles. From this study, four primers were selected (OPB07, OPB10, OPC09, and OPC13) ( Table 1) . Other primers were discarded due to monomorphic banding patterns (13 primers), complex banding patterns (12 primers) and irreproducible bands (11 primers).
Based on Table 2 , the lowest D value based on RAPD markers was 0.478 between the Bagan Tiang and Pantai Lido populations. This can be related to the transplantations of mussels by the Department of Fisheries, Malaysia from the eastern part (where Pantai Lido is located) of the Strait of Johore to the northern part of the west coast of Peninsular Malaysia for aquacultural purposes [30] . However, the highest D value was 0.595 between the Bagan Tiang and the Sg. Belungkor populations ( Table 2 ). The geographical factor could be the reason to explain this phenomenon. The dendrogram constructed based on the RAPD markers (Fig. 2) did not follow the geographical distributions of the populations. The heavy metal pollution level based on heavy metal concentrations in the byssus and soft tissues were given in the dendrogram presented in Figure 3 . Therefore, the dendrogram based on the banding patterns produced by the four RAPD primers (Fig. 2) did not reflect the environmental pollution since it is not similar to the dendrogram constructed based on heavy metal data in P. viridis (Fig. 3) .
To further investigate the relationships between the RAPD markers and the heavy metal pollution, a correlation analysis between the four primers used to generate the RAPD markers and the metal concentrations in Table 3 , it is clearly seen that significant correlations ( P < 0.01) were found between a particular primer and a metal concentration of the byssus or soft tissues of mussel. For Cu concentrations, both the byssus and soft tissues correlated significantly ( R = 0.95; P < 0.01) with band OPC09-6. They also highly correlated with band OPC09-8 ( R = 0.80) although not as significantly ( P > 0.05). For Zn in the soft tissues, primer OPB10 was useful as a biomarker of Zn pollution in that bands OPB10-3, OPB10-4, and OPB10-6 were negatively and significantly ( P < 0.05) correlated with Zn concentrations in the soft tissues of P. viridis . However, for Zn in the byssus, primer OPC13 was useful as a biomarker of Zn pollution in that bands OPC13-4, OPC13-5, and OPC13-6 were negatively and significantly ( P < 0.05) correlated with Zn concentrations in the byssus of P. viridis . The Zn level in the byssus was also highly correlated with bands OPC13-1 and OPC 13-8 ( R = 0.80) although not significantly ( P > 0.05). Generally, primer OPC13 was a good biomarker of Zn pollution since the average of OPC13 bands was also significantly correlated ( R = 0.90; P < 0.05).
For Cd concentrations in the soft tissue, it correlated significantly ( R = 0.95; P < 0.01) with band OPC09-6. It was also highly correlated with band OPC09-8 ( R = 0.80) although not significantly ( P > 0.05). For Cd concentration in the byssus, it only correlated negatively and significantly ( R = -0.90; P < 0.05) with band OPC13-2.
For Pb in the soft tissues, primer OPC13 was useful as a biomarker of Pb pollution in that bands OPC13-3 and OPC13-9 were negatively and significantly ( P < 0.05) correlated with Pb concentration in the soft tissues of P. viridis . However, for Pb in the byssus, primers OPB07 and OPC09 were useful as biomarkers of Pb pollution. The bands OPB07-2 was negatively and significantly ( P < 0.05) correlated with Pb concentration in the byssus of P. viridis ; while the Pb level in the byssus was negatively and significantly ( P < 0.5) correlated with bands OPC09-1, OPC09-2, and OPC09-4. Thus, in general, primer OPC09 was a good biomarker of Pb pollution since the average of the OPC09 bands was also highly correlated ( R = -0.87) negatively with it.
DISCUSSION
The present findings of the significant correlations between the concentrations of a particular metal con- YAP et al. Table 3 . centration in the byssus or soft tissues and a specific primer of RAPD markers indicated two important observations from the genetic ecotoxicological point of view. First, specific resistant and sensitive alleles would become pronounced if the organisms are continuously exposed to specific pollutants. This agrees well with the suggestion of Klerks and Weis [5] that for each organism and for each pollutant, the tolerance for several heavy metal stresses might result in genetic variation. Second, assessing the genetic diversity based on the RAPD markers of populations would not necessarily provide a valuable addition to more traditional tools for determining the effects of environmental pollution on aquatic ecosystems as suggested by many researchers [4, 14, 17] . The present results indicated that only certain primers could be used to indicate which heavy metal pollution in coastal waters. In this study, the genetic diversity based on RAPD markers between P. viridis collected from four relatively uncontaminated populations and one contaminated population showed no difference. This disagrees with previously reported related information in the literature. For example, Ross et al. [11] found that the genetic diversity based on RAPD markers of a prawn population from a smelter discharge site was lower than that found in one uncontaminated reference site while the isopods it was found to be significantly lower than those of all three reference sites.
Each type of molecular marker has its own advantages and limitations, and many factors can influence the choice of markers for a given purpose. RAPD markers have been widely used in many kinds of genetic studies because of their simplicity, cost effectiveness and the fact that no prior genome knowledge of the study organism is required. However, RAPDs are often criticized for dominant inheritance and reproducibility problems. Generally RAPDs are used to establish the basic genetic framework of the study organism as a starting information to characterize the genome of a particular organism in further detail. Paran and Michelmore [31] developed a marker system derived from RAPD loci termed as sequence-characterized amplified regions (SCARs) to overcome the reproducibility problem of the RAPD technique. This technique involved the cloning of a particular RAPD band excised from an agarose gel followed by sequencing of the cloned RAPD band. Subsequently, the sequence information is used to design a primer pair. SCARs are most often dominant but are derived from specific primers, which make them highly reproducible and transferable. With the increasing knowledge of functional genomics and the number of sequences available in GenBank, we propose the SCAR approach as being suitable for an attempt to tag and sequence candidate genes associated with traits of interest or quantitative trait loci (QTL) detected by RAPDs. This reliable approach provides another alternative to accelerate efforts for genome characterisation of a study organism in the ecotoxicological studies of heavy metal pollution.
Based on our present correlation analysis, some significant (P < 0.01) correlations between RAPD primers and heavy metal concentrations in the byssus and soft tissues of P. viridis were found. This indicated that correlation analysis between a particular metal and a specific primer of RAPD marker could be useful and thus is suggested. Hence, we suggest that further studies utilizing correlation tests between the molecular genetic markers for example DNA microsatellites and pollution levels be done to investigate their usefulness as genetic biomarkers of pollution by using P. viridis. This should be done to further validate the use of P. viridis as a biomonitoring agent.
